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DQG WKH LQFUHDVLQJ GHPDQG IRU UHVRXUFHHIILFLHQW
PRELOLW\UHTXLUHWKHGHYHORSPHQWRIHIILFLHQWSRZHUWUDLQ
FRQFHSWV DQG WKH UHGXFWLRQ RI WKH YHKLFOH¶V WRWDO PDVV
7KLV LQFOXGHV WKH ORDGRULHQWHG LPSOHPHQWDWLRQ RI
LQQRYDWLYH OLJKWZHLJKW PDWHULDOV LQ WKH FDU ERG\ +RW
VWDPSHG ERURQ VWHHOV OLNH 0Q% RIIHU JUHDW ZHLJKW
UHGXFWLRQSRWHQWLDODWUHDVRQDEOHFRVWV$FRPELQDWLRQRI
WKHVHVWHHOVZLWKPRGHUQDOXPLQXPDOOR\VRIVHULHV
HQDEOH WR UHDOL]H DIIRUGDEOH OLJKWZHLJKW PXOWLPDWHULDO
FDUERGLHV
7KH FRVWHIIHFWLYH MRLQLQJ RI WKH WKHUHE\ UHVXOWLQJ
PDWHULDO FRPELQDWLRQ LV FKDOOHQJLQJ VLQFHFRQYHQWLRQDO
WKHUPDO MRLQLQJ PHWKRGV DUH QRW DSSOLFDEOH DQG
SURGXFWLYH PHFKDQLFDO MRLQLQJ WHFKQLTXHV VXFK DV
FOLQFKLQJRUVHOISLHUFHULYHWLQJIDLO WR MRLQERURQVWHHOV
GXHWRWKHLUKLJKKDUGQHVVDQGORZHORQJDWLRQDWIUDFWXUH
2QO\ PHFKDQLFDO MRLQLQJ PHWKRGV ZLWK ORZ GHJUHHV RI
GHIRUPDWLRQ FRPH LQWR FRQVLGHUDWLRQ IRU WKRVH
DSSOLFDWLRQV 7KHUHIRUH WKH VROLG VHOISLHUFLQJ ULYHW LQ
DGGLWLRQ WR DQ DGKHVLYH LV HVSHFLDOO\ LQWHUHVWLQJ IRU
DXWRPRWLYHDSSOLFDWLRQV
6HOISLHUFHULYHWLQJZLWKVROLGKLJKVWUHQJWKULYHWV
6HOISLHUFH ULYHWLQJ ZLWK VROLG ULYHWV 6365 DOORZV
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LQFUHDVHRI WKHSURFHVV IRUFH UHVXOWV LQ DSHQHWUDWLRQRI
WKHGLHVLGHGPDWHULDOE\WKHHPERVVULQJRIWKHGLH7KH
GLHVLGHG PDWHULDO LV SODVWLFDOO\ GHIRUPHG DQG SDUWLDOO\
IORZV LQWR WKH FLUFXPIHUHQWLDO JURRYH RI WKH ULYHW
ZKHUHE\DSRVLWLYHORFNLVIRUPHGVHHLPDJHLQILJXUH
>@
,Q FRQWUDVW WR FODVVLF VHOISLHUFH ULYHWLQJ ZLWK VHPL
WXEXODUULYHWVWKH6365SURFHVVGRHVQRWUHTXLUHWRIRUP
WKH ULYHW SODVWLFDOO\ WR FUHDWH D SRVLWLYH ORFN >@ 7KLV
DOORZV XWLOL]LQJ ULYHW PDWHULDOV ZLWK YHU\ KLJK WHQVLOH
VWUHQJWKV DQG KLJK KDUGQHVV ZKLFK HQDEOH D SURFHVV
FDSDEOH SXQFKLQJ RI ERURQ VWHHOV ZLWK WKH VROLG ULYHW
+RZHYHUWKLVUHTXLUHVUHODWLYHO\KLJKSURFHVVIRUFHVIRU
SXQFKLQJ WKH SDUWV WR EH MRLQHG DQG IRUPLQJ WKH
LQWHUORFN>@
$V DOUHDG\ GHVFULEHG DERYH LW LV PDQGDWRU\ WR XVH
DGKHVLYH WRJHWKHUZLWKDPHFKDQLFDO MRLQLQJ WHFKQRORJ\
LQ RUGHU WR H[SORLW WKH OLJKWZHLJKW SRWHQWLDO RI WKH




,Q FDVH RIPHFKDQLFDO MRLQLQJ RI XOWUD KLJK VWUHQJWK
PDWHULDOV D SURFHVV LV QHHGHG E\ XVLQJ VHOI SLHUFLQJ
MRLQLQJ WHFKQRORJLHV'XH WR WKH KLJK GLIIHUHQFH RI WKH
PDWHULDO VWUHQJWK DQG VWLIIQHVV E\ MRLQLQJ XKVV WR












0Q%    



































,QK\EULG MRLQLQJSURFHVVHV WKHPDWHULDO GHIRUPDWLRQ
LQFUHDVHVWRDPXOWLSOHFRPSDUHGWRWKHHOHPHQWDU\VROLG
VHOISLHUFH ULYHWLQJ ZLWKRXW DGKHVLYH DV VKRZQ LQ
)LJXUH7KHUHWKHMRLQLQJJDSHVRQDWKUHHOD\HUPXOWL
HOHPHQWDOXPLQXPDQGXKVVVSHFLPHQDUHH[SRVHG7KH
DGKHVLYH PRGLILHV WKH WULERORJLFDO V\VWHP EHWZHHQ WKH
VKHHWOD\HUV $V WKH IULFWLRQ EHWZHHQ WKH VXUIDFHV LV
















,Q WKH FRQWH[W RI D ODUJH QXPEHUV RI H[SHULPHQWDO
LQYHVWLJDWLRQV PHDVXUHV ZHUH LGHQWLILHG WKURXJK DQ
HIIHFWV DQDO\VLV WR UHGXFH WKH PDWHULDO GHIRUPDWLRQV
%RWKD UHGXFWLRQRI WKH MRLQLQJJDSVFRXOGEHDFKLHYHG
MXVW DV DQ LPSURYHPHQW RQ WKH IRUPDWLRQ RI DGKHVLYH
OD\HUE\DPRGLILFDWLRQRIWKHVHWWLQJWRROV
,Q)LJXUH WKH LQLWLDO VLWXDWLRQRI WKHDGKHVLYH OD\HU
RI D WZR DQG WKUHHOD\HU PDWHULDO FRPELQDWLRQ LV
H[SRVHG ,Q ERWK EUHDN SDWWHUQV DGKHVLYH OD\HU
LPSHUIHFWLRQV FDQ EH VHHQZKLFK UHGXFHV WKH HIIHFWLYH




















WR D ODUJH LPSURYHPHQW RI WKH TXDOLW\ RI WKH DGKHVLYH
OD\HU DQG WKHUHZLWK WR VLJQLILFDQWO\ KLJKHU VWUHQJWKV RI
WKHK\EULGMRLQWV




KDV SDUWLFXODUO\ SURYHQ VXLWDEOH IRU WKH LQYHVWLJDWHG
PDWHULDOFRPELQDWLRQV0Q%W PP±$$
W PP 0Q% W PP ± $$
W PP7KHHIIHFWRIWKHFRQWRXURIWKHRXWHUULQJ
LV VLPLODU WR DQ LQWHJUDWHG DFFXPXODWLRQ DUHD ZKLFK
SUHYHQWV D IUHH IORZ RI PDWHULDO DQG WKXV UHGXFHV WKH






















FDUULHG RXW ZLWKRXW WKH XVH RI D EODQN KROGHU )LJ
7KH IRUFHV ZKLFK DUH QHFHVVDU\ IRU VKDSLQJ DUH
WUDQVPLWWHG RQ WKH VKHHWPHWDOV E\ XVLQJ WKH ³IODW KHDG
JHRPHWU\´7KHSXQFKVLGH³HIIHFWLYHDUHD´RIWKHVHWWLQJ
WRROV LV UHGXFHG DQG WKH DGKHVLYH GLVSODFHPHQW LV
PLQLPL]HGLQWKLVZD\
7KH HIILFLHQF\ RI WKH DFKLHYHG RSWLPL]DWLRQV LV
IXUWKHU LOOXVWUDWHG RQ WKH VWUXFWXUDO EHKDYLRU RI K\EULG
MRLQHGVSHFLPHQVXQGHUVWDWLFIRUFHWUDQVPLVVLRQ6RIRU
LQVWDQFH WKH HQHUJ\ DEVRUSWLRQ FDSDFLW\ IRU FRQQHFWLQJ
PP0Q%ZLWKPP$$FRXOGEHPRUH
WKDQ GRXEOHG FRPSDUHG WR WKH FRQYHQWLRQDOO\ MRLQHG
FRPSRXQG7KHJLYHQVWUHQJWKSRWHQWLDORIWKHDOXPLQXP
PDWHULDOLVDOPRVWIXOO\XVHGDVDUHVXOW
)RU WKH WKUHHOD\HU PDWHULDO FRPELQDWLRQ VLPLODU
LPSURYHPHQWVFRXOGEHGRQH)RUDUHGXFWLRQRIWKHGLH
VLGHGPDWHULDO GHIRUPDWLRQ D UHVHUYRLU ULQJZLWK DKLJK
RIPPFDQEHXVHG)RUWKHSXQFKVLGHGDOXPLQXPD
PRGLILHGEODQNKROGHUZLWKDQRXWHUGLDPHWHURIPP
VKRZHG DOVR DQ LPSURYHPHQW RI WKH PDWHULDO
GHIRUPDWLRQ )LJXUH  VKRZV WKH UHVXOW RI MRLQW JDS






















'XH WR WKH UHGXFWLRQ RI WKH MRLQW JDSV D KLJKHU
SHUIRUPDQFH LQ VWUXFWXUDO EHKDYLRU RI K\EULG MRLQHG
WKUHHOD\HUPDWHULDOFRPELQDWLRQVFDQEHH[SHFWHG
)LJXUH  LOOXVWUDWHV WKH FRPSDULVRQ RI D WKUHHOD\HU
K\EULG MRLQWZKHUHE\ RQHPXOWL HOHPHQW VSHFLPHQZDV
MRLQHGZLWK WKH VWDQGDUG WRRO NLW DQG WKHRWKHUZLWK WKH
RSWLPL]HG RQH 7KH EOXH FXUYHV RI WKH RSWLPL]HG
VSHFLPHQV VKRZ D VWLIIHU EHKDYLRU WKDQ WKH VWDQGDUG
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)LJXUH  VKRZV WKH EUHDN SDWWHUQV RI WKH RSWLPL]HG
















7KH VWXGLHV ZLWK WKH PRGLILHG GLH JHRPHWU\ LQ
FRPELQDWLRQ ZLWK WKH IODW KHDG ULYHW IRU WZROD\HU
PDWHULDO FRPELQDWLRQV UHVSHFWLYHO\ ZLWK DQ HQODUJHG
EODQN KROGHU IRU WKUHHOD\HU FRPELQDWLRQV KDYH
GHPRQVWUDWHG WKH KLJK HIILFLHQF\ RI WKH RSWLPL]HG VHOI
SLHUFLQJ ULYHWLQJ V\VWHP $ VLJQLILFDQW LPSURYHPHQW




7KH UHVXOWV RI WKH LPSURYHPHQW DUH UHVXPHG LQ
)LJXUH )RU WKH WZROD\HU K\EULG MRLQW WKH ORDG
FDSDFLW\ FRXOG EH UDLVHG IRU  DQG WKH HQHUJ\
DEVRUSWLRQ ZDV GRXEOHG ,Q FDVH RI WKUHHOD\HU K\EULG




















7KH ,*)SURMHFWV 1 )267$1R 3
1 )267$1R 3 1 )267$1R
3 RI WKH )RUVFKXQJVYHUHLQLJXQJ 6WDKODQZHQGXQJ
H9  )267$ 6RKQVWUDH   'VVHOGRUI ZDV
SURPRWHG WKURXJK WKH $L) ZLWKLQ WKH SURJUDP RI WKH
SURPRWLRQ RI WKH ,QGXVWULHOOHQ *HPHLQVFKDIWVIRUVFKXQJ
XQG HQWZLFNOXQJ ,*) E\ WKH )HGHUDO 0LQLVWU\ RI
(FRQRPLFV DQG 7HFKQRORJ\ GXH WR D UHVROXWLRQ RI WKH
'HXWVFKHQ%XQGHVWDJ
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